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Abstract Carbaryl and seven organophosphorous pesticides were analyzed simultaneously using on-line solid
phase extraction (on-line SPE) coupled with liquid chromatography tandem mass spectrometry (LC/MS/MS).
The target pesticides are Carbaryl, Methyl demeton, Fenitrothion, Malathion, Parathion, Phenthoate, Diazinon,
and EPN. This method includes the direct injection of 500 pL in the water sample, a 15 min separation period
using a rapid resolution liquid chromatography system with on-line SPE, and detection through electrospray
ionization (ESI) positive mode. The percentage of recovery of all pesticides ranged from 85.3 % to 100 %.
This method showed an accuracy of >90.0 %, possessing limits of detection and quantification within 0.05
to 0.28 pg/L and 0.16 to 0.89 pug/L, respectively. The correlation coefficients (r) for the calibration curves within
a range of 0.5 to 8.0 pg/L were higher than 0.99. The evaluation results showed the efficacy of the method
for all contents, and no pesticides were detected in the water quality sample.
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Table 1. LC/MS/MS optimized conditions for target pesticides
HPLC conditions

Column LC Hypersil GOLD column 50x2.1 mm, 1.9 pm
SPE Hypersil GOLD, 20x2.1 mm, 1.3 pm
Column Temperature 35°C
Mobile Phase A = 0.1 % Formic acid, B = Acetonitrile
LC Gradient Min %B flow rate = 0.25 mL/min
0 5
1.5 5
6.0 95
9.0 95
9.1 5
15.0 5
Stop time 15 min.
SPE A:B=98:2 flow rate=1.0 mL/min
Pump LC HPG-3400RS
SPE  LPG-3400SD
Injection Volume 500 uL
MS/MS conditions
Mode Positive ESI
Capillary Temperature 320 °C
Vaporizer Temperature 300 °C
Sheath Gas Pressure 40 arbitrary units
Ion Sweep Gas Pressure 1.0 arbitrary units
Aux Gas Pressure 20 arbitrary units
Spray Voltage 3700 V
Discharge Current 4.0 pA
Collision Energy 5~38V

2.1 mm, 1.3 um)S A8 LOMS/MS 4 =4 S AXNA EZ LC/MSMSE AH FY3te] peak
2 Table 19 825191t} area?rS sy, | /L EFEFEY 500 L=
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Zo] slehd Fx 9 EAH, B dig &3E 59 MSMSE o|&3te] 4 AJ 500 uLE A3 FYst
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EA L LC/MSMSE] Multiple Reaction Monitoring Alell sg3t= 0.5 uL/Loll 3} peak areadto] carbaryl,

(MRM)2] ElectroSpreay Ionization (ESI) positive mode®]] diazinon, malathion, phenthoate & 4 %< 2x10° o]’
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Table 2. Properties of pesticides®
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Molecular Chemical Molecular Water Solubility
Compound CAS Number weight Structure Formula (mg/L)
Hyf ﬁ
o 3,300
Methyl-demeton 919-86-8 230.288 o /c]) S\—\S_\ CgH;505PS, (20 °C)
CH,
Carbaryl 63-25-2 201.224 e CHINO 1o
arbary -25- . e : 12N (22 °C)
S T
e
Fenitrothion 122-14-5 277.236 é‘\ CoH,NOsPS 38
. T ©F, otli2 5 (25 OC)
Malathion 121-75-5 330360 T C1oH1s06PS, 143
s (20 °C)
Parathi 56-38-2 291.263 ‘:/ 2 C1oH14NOsPS 1
arathion -38- - = 107 RaTRs (20 °C)
L‘l,
11
Phenthoate 2597-03-7 320.368 C,H;,0,PS, (20 °C)
Diazinon 333-41-5 304.349 C,Hy N,O5PS 40
. 1211211N2V3 (25 oc)
EPN 2104-64-5 323.308 C,H,NO4PS 311
. \\I 141114 4- (23 oc)
Table 3. Multiple reaction monitoring conditions for each of the compounds tested
Compound RT(min.) Parent ion Product ion MRM Collision Energy ESI mode
Methyl-demeton 5.40 231 61, 89 33,5 Positive
Carbaryl 5.62 202 117, 127, 145 27,27, 10 Positive
Fenitrothion 5.75 278 125, 246 20, 18 Positive
Malathion 6.35 331 99, 285 23,5 Positive
Parathion 6.60 292 110, 156, 236 32,24, 15 Positive
Phenthoate 6.65 321 79, 135 38, 18 Positive
Diazinon 6.68 305 153, 169 20, 20 Positive
EPN 6.86 324 157, 296 24, 14 Positive
EaguRel i, AT EANEEE 7IAA 3} 2}
2utEaH o] oM TR FEARE BT T AAE AAde & FEH 5 2 A
FAT 23 F719A FF A WU Fig 1 HHo] TFHEE T Al7to] 2QHH, {717
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Table 4. Recovery rate of pesticides (unit : %)

43

Sample 500 mL

(1L separatory funnel)

n-Hexane (15:85) 30 m{

ater)

&3 Na,SO4 anhydrous (moisture removal)

Compound 50 pg/L 100 pg/L 500 ng/L.  average

& NaCl 5g
Methyl-demeton 99.7 98.5 96.4 98.2 3§ Dichloromethane
Carbaryl 98.7 99.3 98.8 98.9 § 2 min shaking
Fenitrothion 89.6 90.5 91.2 90.4 2 times extraction
Malathion 100 99.6 98.5 99.4
Parathion 879 914 925 906 L4
Phenthoate 99.7 96.4 95.1 97.1 extract
Diazinon 98.3 98.2 99.0 98.5 ‘ wash (distilled Wi
EPN 92.1 91.7 86.8 90.2
@ 53] ¥HE- RSD=2~10 % Evaporation

2 4
Loko ]z (A o) A= B g 5 5 mL (test solution)
o 1= 7]X]]ELEU]—E_JEHJJ—](E_L‘_ uE7])E T =
73 50 pgLE HAEHE HA FOER 05 pgl Fig. 1. Flow chart of sample preparation.
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Fig. 2. Calibration curve for target pesticides.
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Fig. 3. LC/MS/MS total ion chromatogram.
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Table 5. Limits of detection (LODs) and Limits of quantification
(LOQs) of pesticides

Compound LOD (ug/L) LOQ (ng/L) RSD(%)
Methyl-demeton 0.16 0.51 1.8
Carbary]l 0.08 0.27 1.6
Fenitrothion 0.11 0.34 3.6
Malathion 0.12 0.40 1.5
Parathion 0.28 0.89 1.4
Phenthoate 0.05 0.16 0.4
Diazinon 0.07 0.23 2.5
EPN 0.17 0.54 2.5

= 0.5 pg/L, 73] §H=, RSD=0.5~10 %

Table 6. Accuracy and precision data obtained in 4 replicates

in water
Compound Accuracy Precision
p (% recovery) (% RSD)
Methyl-demeton 95.6 2.5
Carbaryl 98.8 1.5
Fenitrothion 90.6 5.2
Malathion 98.8 1.5
Parathion 94.4 2.5
Phenthoate 98.1 1.3
Diazinon 98.1 1.3
EPN 96.9 2.5
= 4.0 pg/L, 53] ¥H&5 RSD=1.5~10 %
ZFEA 2 0.5 pg/LE A Z3ke] LC/MSMS E41 27
o= 73 WY B ZHge] REANE o] §3}
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1.3~52 %% 55 453t 7S JeRAth(Table 6).
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